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(3) Rameprooffpolymerlooom|>oaltlons. 

® Polymeric compositions endowed with tilgh flame^elf- 
extlngulshlno properties, comprising a polymer selected 
from amongst oleflrtc polymers, polyatyrahe, polybutylene 
terephthalate, SAN and ABS copoiymerB, and also for 10D 
parts of composition: 

(a) 20-60 parts of piperazino acid pyrophosphate; 

(b) 0-3 parts of at least a compound selected from TlOa, 
SlOj, slltcio acid. In poWder having parttdesiza « 0.1 p; 

(c) 0-35 parts of at least a compound selected from am- 

Smonlum polyphosphate, melamlne, melamlne phosphate 
and pyrophosphate, polycarboxyplperazlne. ethylene urea/ 
tomialdehyde condensates, aa a siibstltuta for an equal 
«b weight of compound (a)« and in auch amount that the oompo- 
^ sitlon stUi contains at least 5 parts of auch compound (a). 
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This invention relates to polymeric compositions 
having improved self ^-extinguishing properties to flame* 

The additioning of flameproof agents of synthetic 
polymers with substances capable of producing intumescence r 
offers various advantages as compared with the convention- 
al, additioning based on halogen compounds in synergism 
with antimony. 

In particular, the addition of the intumescent type 
permits to obtain formulations having a low emission of 
fumes and exerting a less corrosive action on the eqpiip- 
ment used for processing the polymer, due to the non-emia-;^ 
sion of aggreBsivie . substances, such as halogen ; acld^ . 

The formulations of intumescent type generally con- 
sist of the polymer and of at least two main adciitives i 
one essentially phosphorate4 . the purpose of which being 
that of forming, during combustion, an. impermeable, semi- 
solid, vitreous layer substantielly consisting of pplyr 
phosphoric acid, and the other containing nitrogen and . 
carbon, acting as a foaming agent and as ^ carbon donor . 
for producing a cellular carbonaceous insulating layer 
between polymer and flame, 

Exajnples of two-additive formulations are contained 
in Italian patent application No. 24732 A/79 

(which corresponds to Europiean E>atent piibiication No. 23 353) 
in which the phosphorated portion essentially consists' of am- 
monium polypbosphate and the. nitrogenous portion consists 
of more or less polyoondensated heterocyclic compounds. 

It is also possible to obtain flameproof compositions 
by using mono -component additives containing both nitrogen 
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and plioBphorus In the molecule. 

A typioal example ia ammonium poljrphoaphatei ufaloh 
alone and at very high ooncentratlona ( 40f^ by wel^t 
5 referred to the polymer) allowa to obtain aeif-extlneaieh*- 
ins formulations of clasa JJL 94 VO. Other cMipounda cap- 
able of pz*ovidin£ the self-extinfoiahins characteristic if 
used as individual additives are the phosphoric aal-ts of 
piperazine. US patent Ro« 3 »8 10,830 describes the use of 

10 acid and neutral orthophosphates as well as of neutral 
phosphate of piperazine as flameproof agents for compos- 
itions based on polyure thanes* polyesters, epoxy resins 
and polyvinylacstate, to be essentially utilized as self- 
-extinguishing coatings or paints* 

15 However, such piperazine orthophosphates and pyro- 

phosi^ates are not suited to render the abovesaid polymer- 
ic materials, and the polymers in general, flameproof 
when these are to be processed or subjected to transfoxm- 
ations at hi£^ temperatures, for example above 200^0, as 

20 occurs for the polyolefins, or when they are subjected to 
a long-lasting contact with water or with aqueous sol- 
utions, or also to a long— lasting thermal ageing. Zn such 
circumstances, the so additloned polymeric materials lose 
their self -extinguishing characteristics at least partial* 

25 lyf vdiat limits the use of the abovesaid additives to 
particular polymers and/or applications thereof* 

Tke Applicant has now found that the acid pyrophos- 
phate of piperazine of formula : 
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represents an additive capable of imparting flameproof 
properties to many poljnnersiand in particular to olefinic 
polymers and copolymers, to polystyrefte, polybutylene 
terephthalate and to styrol/acrylonitrile and styrol/ 
aorylonitrile/batadiene copolymers, without the drawbacks 
encountered with the acid and neutral orthophosphates of 
pipera2xne,and with the neutral pjnfo phosphate of piper- 
azlne. 

The Applicant has also found that a particularly ef- 
fective synefgiatic antiflame activity towards the above- 
-mentioned polymers occurs when the piperazine acid pyro- 
phosphate ie used in oombination with nitrogenous com- 
pounds and/or phosphorus-containing compounds such as melr 
amine phosphates and pyrophosphates, ammonium polyphos- 
phate, melamine, the products of the oondensatioii between 
ethylene urea arid formaldehyde, as are described in Earop" 
ean patent application' No. 37706, and polyoarboxypiper- 
azine, the antiflame activity thereof being described in 
European patent application No, 23353. Such synergistic 
activity has furthermore proved to occur and even to 
be enhanced by the presence of fillere, in low amounts, 
based on TiOg, SiO^ and silicic acid in the form of ultra 
30 fliie powder (with particle sizes equal; to or below 0.1 u) 
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Thus, it is an object of the present invention to 
provide poljrmerie compositionsy endowed with hi^^ self- 
•-extinguishing characteristics to the flame, comprising 
5 at least a pol^^er seliacted fsrom the olefinic polTsiers, 
polystyrene, polybutylene-terephthalatey aorylonitrile/ 
BtTrene oopolTners (SAlf) and acrylonitrile/stTrene/buta- 
diene copolymers (ABS), and furthermore, for 100 parts by 
weii^t of composition consisting of such polymer and 
10 the flameproof additives a), b) and c) : 

a) from 20 to 50 parts of piperasine acid pyrophosphate 

(pap>? 

b) from 0 to 3 1 and preferably from 1 to 1.5 parts of at 
least a compound selected from TiO , SiO and silicic 

15 acidyin the form of powder having particle slse below 

or equal to 0*1 yus 

c) from 0 to 35, but preferalxLy from 1 to 25 parts of at 
least a compound selected from melamine phosphates and 
pyrophosphates i melamine, anmonium polyphosphate, pol^ 

20 carboxypiperasine and ethyl eneureev/formaldehyde con- 

densates, as a. sttbstltute for an equal weight of acid 
P3rz*opho8phate of piperasine, end in such amount that 
the composition will anyhow contain at least 5 parts 
of acid pyrophosphate of piperas^efor 100 parts of 
25 composition. 

The preferred amount of acid.piperassine. pyrophos- 
phate, according to which such compound, either alone or 
even better df combined ?rith the synergistic ccmpounds 
described hereinabove, proves particularly effective, is 
30 different from polymer to iK>lymer; it ranges ,.-refened to 
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100 parte of composition oompOBed by the polymer and op- 
tionally the aboveaaid additives, from 24 to 35 parts for 
polypropylene, or from 20 to. 35 P.arts for polybutylener 
-terephthalate, from 35 to 50 parts for polystyrene, from 
30 to 40 parts for polyethylene, and from 40 to 50 parts, 
for the SAN and ABS oopolyners. 

The useful ammonium polyphosphate; falls under the 
general formula: (NH4)n+2V3n+1, ^ itttoger 

equal *or higher than 2, whereby n. may. be as high as 100 ? 
preferably, the polyphosphates' molecular weight, should 
be high enough to assure a low solubility in water . 

The composition of the polyphosphates having the 
above formula, in whioh n is a auffioiently hififh number, 
is in practice the one corresponding , to the . f onmila of 
metaphOsphates (MH^PO^)^. 

Such polyphosphates are, for example, those , known 
under the trade designation "ExoLif (263, 422) (produced 
and sold . by fienckiser Knapsack S.m.b.H.) and haying, the 
composition (NH^PO^)^ in which n is higher than 50} or the 
product Known und**' the trademark ^PhosrOheck P/SO" (prod- 
uced and sold by Monsanto Chem.), having an analogous 
. pomposi tlon. 

The polycarboxyplperazine or polycarbonylpiperazine> 
respectively is described, e.g. in the European patent 
publication No. 23 353 and its nuinber of recurring, units 
n may preferably be in the range between 8 and 22. 

Heat and light stabilisers, pigments and other 90- 
adjuvants Irt the processing of the aboveaaid polymers may 
be present in such compositions in amounts up to 5 parts 
by weight, preferably from 0.^ 2 parts by. weight re- 
ferred to 100 parts by weight .of composition. Among such 
stabilisers, mercaptobenBOimidazole and 4 -methyl thiouracyl 
prove to be particularly effective for imparting a long- 
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-lasting stability to thermal ageing to the compoaitions. 

As olefinic polymers to be included in the oompoa-- 
itions of the present invention there may be cited low 
5 density polyethylene and hifijh density polyethylene, poly- 
propylene prevailing consisting of isotaotic macromolecolest 
ethylene/propylene copolymers, either statistic or in 
blocks, as well as cross-^linked, and ethylene/propylene/ 
diene ter polymers. 

10 The self-extinguishing compositions of the presnet 

invention are preparable according- to known methods: for 
example, acid piperazine pyrophosphate finely ground (pref- 
erably with particle sise below 50 /i) is first intimately 
mixed optionally with the other additives, and the result- 

15 ing mixture is added to the thermoplastic polymer in a 

turbomixer to form a homogeneous mix which is -Qien extruded 
and granulated. It is also possible to mix the polymer 
and the flameproof additives in a Banbury or Brabender mix- 
er at the polymer plastioizing temperature. The resulting 

20 mix is then extruded in a ])oloi extruder (screw diameter « 
20 mm, length/diameter ratio ^= 23, sorew speed » 20 rpa) 
at the temperature which is best suited to obtain a prod- 
uct in granules, such temperature being different from 
polymer to polymer The granular product so obtained can 

25 be transformed into various articles by means of any con- 
ventional molding techniques* 

To determine the self-extinguishing properties of the 
polymeric compositions containing the flameproof additives 
it was operated as follows: with the granular additioned 

30 polymer, thin plates having a 3 mm thickness (1/8 inch) were 
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molded in a Carver-type plate pregs,by working for 7 min- 

2 

utes at a pressure of 40 kg/cm and at proper temperatures, 
different from polymer to polymer. On the thin plates so 
S prepared, the self -extinguishing level can be determined 
by measuring the oxygen index (according to standard ASIDM- 
D 2863) in a Stanton Redcroft apparatus ^ or according to 
standards UL94 (published by "Underwriter Laboratories" - 
USA) which provide an evaluation of the self-extingdahing 

10 degree of plastio materials. 

For the tests reported in the following tables, the 
Vertical Burning Test was adopted, which enables to clas- 
sify the material at three levels: 94 VO/94 Vl/94 V2p which 
express in the decreasing order the uninflammability de- 

15 gree* 

Preparation of acid piperazine pyrophosphate 
Proced ure 

In a 5-liter beaker, a suspension of 750 g of sodium pyro- 
phosphate Na^PgO^.IOHgO in 2500 cc of water was prepared, 

20 it was cooled to about 10^0 in an ice bath and then it was 
acidified with 563 co of 379^ HCl, at a maximum temperature 
of about 12®C« A limpid and acid solution was obtained, 
149 g of piperazine (979^) dissolved in 625 cc of water at 
a maximum temperature of about 22^0 were then added. A 

25 white crystalline precipitate formed (pH = 4-5)* It was 

maintained under stirring in an ice bath for 2-3 hours (at 
a temperature of about 7^0). It was filtered, washed with 
HgO and. dried in a ventilation oven at 105**C for about 
6 hours. 235 g of acid pyrophosphate of piperazine with 

30 a yield of 539? were thus obtained. The product was stable 



0126454 



- 9 - 

up to at least 280^C. 

was 

Solubility in H^O (room temperature) /lower than 1»2 g in 
100 CO of water* 
5 The following examples are ^ven to illustrate the 

present invention^ without limiting it« 

, Examples (of idiich the first two are comparative 

tests) refer to the compositions based on polypropylene , 
illustrated in Table 1« 
10 Examples 16—19 are comparative tests between the poly- 

propylene compositions containing acid piperazine pyrophos- 
phate and the ones containing acid and neutrcG. orthophos- 
phate, and neutral piperazine pyrophosphate , further to 
inmersion of the specimens into water at 100^0, and suces- 
15 aive drying at 70^C for 8 hours « 

abe characteristics of such compositions are indicat- 
ed in Table 2« 

Examples 20-25 refer to polyethylene compositions » 
the characteristics of nhich are recorded on Table 3. 
20 Examples 26-30 relate to compositions based on poly-* 

styrene, polybutylene-terephthalate and ABS, the character- 
istics of which are reported on Table 4* The amounts of 
all the compositions* components are given by wei^t. 

The neutral and acid orthophosphatesf and the neutral 
25 pyrophosphate of piperazine were prepared as follows: 

- neutral piperazine or the phosphate ^ 200 g of H^I^^ (SSjC) 
in 200 cc of H^O were reacted with 153 #8 g of piperazine 
(9756) in 600 oc of H^O at a maximum temperature of 80^0 
and a pH of about 7« The resulting precipitate, consist- 
30 ing of piperazine orthophosphaite, was diluted with 500 cc 
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of HgOf wag recovered by filtration and dried at 105^0. 

• acid piperazine ortho phosphate . 200 g of H^^'O^ (859^) in 
200 cc of HgO were reacted with 77 e of piperazine (97j5) 
in 300 CO of H^O at a maxinrum temperature of 65^0 and 
at a pH of about 5* The precipitate, oonBistihg of the 
acid orthophOBphate of piperazine, was maintained at a 
temperature from 0^ to 5^0 for about 20 hours, then it 
was filtered and dried « 

- neutrol piperazine pyrophoephate > 300 g of Na^PgO^ 
(95Jf) were added to a solution of 356 cc of HCl at 37?6 
in t600 CO of H^O, at a temperature below 10<>C, then, 
to the solution so obtained, there were added 190 g of 
piperazine (979?) dissolved in 830 cc of HgO. The mix- 
ture, containing the white precipitate of acid piper- 
azine pyrophosphate, was diluted with 800 cc of HgO, 
then it was stirred, filtered^and the precipitate was 
dried. 
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Claims 

1. Polymeric compoaitiona, endowed with high self-er-- 
5 tinguishing properties when exposed to the flame, 

comprising (l) at least a polymex' selected from the 
olef^Txr.c polymers, polystgrreney polybutylenetereph- 
thBLLate, the acrylonitrile/styrene and acrylonitrile/ 
styrene/ 'butadiene copolymers » and (2) for TOO parts 
10 by weight of composition : 

a) 20 to 50 parts of acid piperazine pyrophosphate; 

b) 0 to 3 parts of at least a oompound selected 
from TlO^f SiO^ and silicic acid, in powder hav- 
ing particles sisse lower than or equal to 0«1yas 

IS ^) 0 to 35 parts of at least a compound selected 

from the .aelamine phosphates and pyrophosphates, 
melamine, ammonium polyphosphate, polycarboxy— 
piperazine and the ethyl eneurea/formaldehyde cond- 
ensates, as a substitute for an equal weight of 

20 acid piperazine pyrophosphate, and in such amount 

that the composition' should contain at least 5 
. parta of acid piperazine pyrophosphate for 100 
parts of composition. 

2. The compositions according to claim 1, in which com— 
25 pound (b) is present in amounts ranging from 1 to 1.5 

peurts by weight. 

3. The compositions according to claims 1 and 2, in which 
compound (c) is present in amounts ranging from 1 to 
25 parts by weight. 

30 4* The compositions according to claims 1 to 3, in which 
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the polymer consists of polypropylene, and conpound 
(a) ranges from 24 to 35 parts by weight, 
5. The compositions according to claims 1 to 3f in which 
5 the polymer is polybutyleneterephthalate and compotmd 

(a) is present in amounts ranging from 35 to 50 parts 
by weight. 

6m The compositions according to claims 1 to 3* in which 
the polymer is polystyrene and compound (a) is present 
10 in amounts ranging from 35 to 50 parts by weight. . 

7. The compositions according to claims 1 to 3 1 in which 
the polymer is polyethylene and compound (a) is present 
in amounts ranging from 30 to 40 parts by wei^t. 
8« The compositions according to claims 1 to 3 1 in which 
15 the polymer is a st3rrene/acrylonitrile/(butadiene> oo- 

pol}*mer and compound (a) is present in amounts rang- 
ing from 40 to 50 parts by weight, 

Uilant 
EBS. 

20 



25 



30 
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